The reaction o f 5'-CMP with methyl, ethyl, «-propyl and isopropyl iodides gave predomi nantly ribose alkylated products. Various alkylated derivatives have been characterized using UV spectroscopy, paper electrophoresis, 'H N M R and FAB (negative) mass spectroscopic techniques. Under strongly alkaline conditions the 2'-0-alkylated derivatives are synthesized in maximal yields. Isopropylation reaction gave only a small yield o f the 3'-0-isopropyl deriva tive, this could be explained on the basis o f steric hindrance offered to the bulky isopropyl group at the 2'-OH position by the heterocyclic base o f the nucleotide.
Introduction
Nucleotides methylated at the 2'-hydroxyl of ribose are of widespread occurrence as minor con stituents of transfer and ribosomal RNAs of a va riety of living organisms [1] , Various methylating agents are cytotoxic due to the alkylation of DNA bases produced by them [2] , The 2'-0-ethylated nucleotides were detected in the /-RNA of L-ethionine induced carcinoma [3, 4] .
Many 2'-0-methylated and ethylated homopo lynucleotides have been synthesized [5] [6] [7] and their properties reported; recently 2'-0-methylated oligonucleotides of defined sequences have also been prepared for use as probes in RNA hybrid ization studies [8] , In the above mentioned studies, generally the unprotected nucleoside has been al kylated, the various alkylated isomers were sepa rated and the 2'-0-alkylated nucleoside was subse quently converted to the nucleotide by conven tional phosphorylation methods. The studies on the direct alkylation of unprotected nucleotides leading to ribose alkylated derivatives are few; the ready availability of alkyl iodides and the reports [10] that under strongly alkaline conditions the al kylation of heterocyclic ring is minimized while the vicinal hydroxyls of ribose are slightly ionized prompted us to study the alkylation of 5'-CMP with methyl, ethyl, normal and iso-propyl iodides under strongly alkaline conditions. The results ob tained from these studies are being presented in this publication. It is hoped that the availability of nucleotides containing a wide range of alkyl groups at the ribose will lead to further studies on the effect of these groups on polynucleotide con formations, for preparation of oligonucleotides of defined sequences and for evaluation as inhibitors of enzymes responsible for nucleic acid metabo lism.
Results and Discussion
A literature survey indicated that reaction con ditions play a decisive role on the site of alkylation in nucleotides. Thus, Haines [11 ] et al. carried out a comparative study of the methylation of unpro tected nucleotides using diazomethane and di methyl sulphate in aqueous medium and at pH 5 -7 reported, in case of 5'-CMP, formation of phos phate ester together with products containing l-methyl-5'-CMP and its corresponding ester.
The reaction of 5'-CMP 1 was carried out for three hours using methyl iodide in a mixture of dioxane and 1N sodium hydroxide at room tem perature. Paper chromatography of the crude reaction mixture revealed the formation of new products of higher mobilities as compared to the starting material (Table I) is possible to assign the structure of nucleotide de rivatives by a combination of UV spectroscopy, paper electrophoresis, 'H NM R spectroscopy and FAB (negative) mass spectroscopy. Any perturba tion of UV spectrum from that of the unsubstitut ed nucleotide is suggestive of a substitution at the base moiety [13] . The shift of the anomeric proton of ribose to a lower field as compared to that of unsubstituted nucleoside or nucleotide is indica tive of ribose substitution, the 2'-0-substitution being at a lower field as compared to 3'-0-substitution [14] . The presence of phosphate group can be ascertained by the deshielding of H-6 pro ton of cytidine by phosphate group while the phos phate alkylation can be determined by paper elec trophoresis [15] at pH 8.5 and pH 4.7; at the form er pH the migration of monoanion is half that of dianion. Nucleotides are generally not amenable to mass spectrometry, unless derivatized, due to their highly polar nature. However, with the in troduction of FAB mass spectrometry especially in the negative mode [17] , it is now possible to deter mine the molecular composition of nucleotides routinely. In the present work this technique has been successfully applied to determine the molecu lar composition of the alkylated nucleotides, the details of mass spectral measurements will be pub lished elsewhere. From the reaction of 5'-CMP with methyl iodide the product corresponding to Rf 0.21 in sol vent A (Table I) was obtained in 18.8% yield and showed a shift of ^max to lower wave length at both acidic and basic pH (Table II) , this s h i f t corre sponded in magnitude to that of an N ' substituted cytidine moiety [11, 12] . The electrophoretic mo bility of the compound at pH 8.0 was also less than that of 5'-CMP [12] (Table 1) indicating an N3 al kylation. The 'H NM R spectrum exhibited a sin glet at 3 3.32 integrating for three protons. The UV spectral shift as well as the location of methyl signals in the 'H NM R spectrum indicated an N3 substitution and therefore the product was as signed as N3-methyl-5'-CMP 2.
The product corresponding to Rf 0.26 in solvent A was obtained in 19.1% yield and did not show alkylation at the base or phosphate groups as judged by the similarity of UV and electrophoretic data with the parent compound (Table I, II). The 'H NMR spectrum in D20 exhibited the H-5, H-6 and H-1' signals as doublets at expected 3 values (see experimental part). Two singlets integrating for three protons each were located at 3 3.52 and 3.41, and were assigned to 2'-0-and 3'-0-methyl groups respectively. These values are in agreement with those reported for 2'-0-and 3'-0-methyl sig nals of cytidine [16] . The structure of this product was therefore assigned as 2',3'-Di-0-methyl-5'-CMP 3. The structure was further confirmed by FAB (negative) mass spectrum which exhibited molecular ion [M -H ] at m /z 350 corresponding to the correct molecular formula C uH ]7N 30 8P.
The product corresponding to Rf 0.15 was ob tained in 38.3% yield, its UV spectrum was similar to 5'-CMP (Table II) and so was its electrophoretic mobility at pH 8.5 indicating the absence of alky lation at the base and phosphate moieties. The anomeric proton of ribose was located at 3 6.03 and was shifted downfield as compared to the anomeric proton of 5'-CMP which was located at 3 5.98 at identical concentration; this downfield displace ment suggested alkylation of 2'-OH of ribose. The singlet of methyl protons was located at 3 3.52 substantiating the assignment. FAB (negative) mass spectrum exhibited molecular ion [M -H ] at m /z 336 corresponding to correct molecular for mula C10H 15N 3O8P. This compound was therefore characterized as 2'-0-methyl-5'-CMP 4.
The product corresponding to Rf 0.12 in solvent A was obtained in 11.5% yield, its UV spectrum and electrophoretic mobility were similar to 5'-CMP, excluding substitution at base and phos phate moieties. The 'H NM R spectrum of the product exhibited the anomeric proton at 3 5.72 which is shifted upfield as compared to the H-T of 5'-CMP indicating alkylation at 3'-OH group ri bose; furthermore a singlet integrating for three methyl protons was observed at 3 3.41. The FAB (negative) mass exhibited molecular ion [M -H ] at m /z 380 corresponding to molecular formula C ]0H 13N 3O8PNa2, the product was therefore char acterized as 3'-0-methyl-5'-CMP disodium salt 5.
The reaction of 5'-CMP with ethyl iodide was carried out similar to methylation except that the reaction was done at 60 °C for optimum yields. The product of Rf 0.71 in solvent A (Table I) , was obtained in 21.1% yield; its UV spectrum (Table II) and electrophoretic mobility were simi lar to 5'-CMP, therefore alkylation at base and phosphate moieties was excluded. The 'H NM R spectrum of the compound exhibited the protons H-5, H-6 and H-1' at expected 3 values (experi mental part). The ethyl signals were located at <51.15 as two triplets, each integrating for three protons, and were ascribed to two methyl groups. A multiplet at 3 3.65 integrating for four protons, was ascribable to two methylenes of the ethyl groups; this indicated the presence of two ethyl groups at the 2'-0-and 3'-0-hydroxyls of ribose. The compound was therefore assigned as 2',3'-Di-0-ethyl-5'-CMP 6. The structure is supported by FAB mass in the negative mode which exhibit ed [M~] at m /z 379 corresponding to molecular formula C]3H22N 30 8P.
The product corresponding to Rf 0.13 in solvent A was obtained in 51.7% yield and from UV and electrophoresis data no evidence of base or phos phate alkylation was obtained. The 'H NM R spec trum, however, exhibited a downfield shift of the anomeric proton, which was located at 3 6.00, as compared to the anomeric proton of 5'-CMP at 3 5.98; indicating a substitution at 2'-OH of ribose. The ethyl signals were located at 3 1.18, a triplet integrating for three protons ascribable for the methyl group and the methylene signal at 3 3.65, a quartet, integrating for two protons. The product was therefore characterized as 2'-0-ethyl-5'-CMP as the disodium salt 7. FAB (negative) mass exhib ited the molecular ion [M -H ] at m /z 394 corre sponding to molecular formula CnH 15N 30 8PNa2.
The product corresponding to Rf 0.22 in solvent A was obtained in 5.70% yield, and indicated an unsubstituted base and phosphate groups. The 'H NM R spectrum exhibited a shift of anomeric pro ton at 3 5.95, which indicated a substitution of 3'-OH group. Therefore the compound was assigned as 3'-0-ethyl-5'-CMP 8. FAB (negative) mass ex hibited the [M -H ] at m /z 350, corresponding to molecular formula C nH 17N 308P.
The reaction of rc-propyl iodide with 5'-CMP was carried out at 70-75 °C, paper chromatogra phy of the crude reaction mixture showed the for mation of three new products of higher Rf (Table I ) as compared to the starting material. The product of Rf 0.48 on paper electrophoresis exhibited slower mobility as compared to that of 5'-CMP at pH 8 and its UV spectrum showed a shift of 2max at both acid and basic pH (Table II) which was of the same order as that of a N 3 substi tuted CMP derivative [11, 12] . The FAB (negative) mass spectrum exhibited the molecular ion [M~] at m /z 429 corresponding to molecular formula C 15H25N30 8PNa; indicating the presence of two /7-propyl groups. On the basis of *H NM R the sec ond propyl group was assigned on 2'-OH as the anomeric proton was shifted downfield at 3 6.01 as compared to 5'-CMP at 3 5.98. The signals for two CH3 groups of the propyl were located at 3 0.88 as two triplets integrating for six protons, a multiplet at ö 1.58 integrating for four protons ascribable to two CH2 groups and a multiplet at ö 3.63 integrat ing for four protons ascribable to two OCH2 groups. The UV, NM R and FAB spectral evidence led this compound to be characterized as N 3,2'-0-«-propyl-5'-CMP as the monosodium salt 9.
The product corresponding to Rf 0.45 in solvent A was obtained in 13.7% yield, its UV spectrum and electrophoresis showed no substitution at the base or phosphate moieties (Table I, II) while the 'H NM R spectrum indicated the presence of two «-propyl groups. Two triplets at 3 0.87 integrating for 6H and ascribable to two CH3 protons were present. A multiplet at < 5 1.56 for 4H ascribable to protons of two CH2 groups and two triplets at 3 3.64 for 4H ascribable to the protons of two 0 -C H 2 groups were also present. The FAB (nega tive) mass spectrum exhibited the molecular ion [M~] at m /z 429 which corresponded to the molec ular formula C 15H25N 3OgPNa; the product was therefore assigned as 2',3'-Di-0-«-propyl-5'-CMP monosodium salt 10. The compound of Rf 0.12 in solvent A was obtained in 38.1% yield. Its UV spectrum as well as electrophoretic mobility was similar to that of 5'-CMP indicating unsubstituted base and phosphate moieties. The 'H NM R spec trum exhibited the anomeric proton at 3 6.00, a downfield shift as compared to 5'-CMP indicating a 2'-OH substitution. A triplet at 3 0.84 is ascriba ble to CH3 protons of «-propyl, a sextet at 3 1.57 for CH2 protons and triplet at 3 3.61 for OCH2 protons of the propyl group. FAB (negative) mass spectrum exhibited m /z 387 [M]~ corresponding to molecular formula C 12H 19N 3OsPNa, the com pound was therefore assigned as 2'-0-«-propyl-5'-CMP as the monosodium salt, 11. The reaction of 5'-CMP with isopropyl iodide was carried out at 70 °C, the faster moving product of Rf 0.23 in sol vent A was obtained in 11.2% yield. The UV and electrophoresis (Table I, II) indicated no substitu tion at base or phosphate portions. The 'H NMR spectrum showed anomeric H -l' signal at 3 5.89, a shift indicating isopropylation at 3'-OH group. The isopropyl protons were located at the expect ed values. A double doublet for 6H was located at 3 1.06 and was ascribed to two methyls, a multiplet 1H was located at 3 3.64 and was ascribed to OCH group. The FAB mass spectrum showed the mo lecular ion peak [M]~ at m /z 409 corresponding to molecular formula C 12H 18N 30 8PNa2 the structure was therefore assigned as 3'-0-isopropyl-5'-CMP disodium salt 12.
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The studies reported above indicate that under strongly alkaline conditions 5'-CMP can be alkyl ated with alkyl iodides predominantly at the ribose moiety with the 2'-0-alkylated isomers being synthesized in maximal yields. The reaction of isopropyl iodide is interesting as only the 3'-0-isomer was obtained in small yield under our reaction conditions. Molecular models show that the heterocyclic ring will offer substantial steric hindrance to the incoming bulkier isopropyl group at the 2'-OH group; the 3'-OH group is freely available for the reaction to occur. The smaller yield of the 3'-0-isopropyl derivative may be ex plained by difficult ionisation of the 3'-OH group in the presence of a neighbouring negatively charged phosphate.
Experimental
Cytidine-5'-monophosphate (5'-CMP) was pur chased from BDH, England. Paper chromatogra phy was performed in all glass apparatus in a de scending manner using solvent systems, A, Isopro panol: N H 40 H :H 20 (7:1:2 v/v); B, Ethanol: 1M Ammonium acetate, pH 7.4 (7:3 v/v) and C, «-propanol: N H 40 H :H 20 (55:10:35). Prepara tive paper chromatography was carried out on 3 MM W hatman filter sheets. Paper electropho resis was done on Whatman No. 1. paper strips 43.5x8.8 cm at 400 volts and 18 Amperes for two hours, using buffer I 0.05 M phosphate pH 8.0 and buffer II, 0.025 M sodium acetate pH 4.5.
UV spectral data were obtained on UNICAM SP 500 spectrophotometer and 'H NMR spectra on a BRUKER AM-300 spectrometer. FAB mass spectra in the negative mode were recorded on a Finnigan MAT-312 mass spectrometer connected to a PDP 11/34 computer system. For 'H NM R the concentration of samples was maintained con stant as 5 mg/0.5 ml solutions in D 20 .
General alkylation procedure
5'-CMP (500 mg) was dissolved in a mixture of IN sodium hydroxide (5ml) and 1,4-dioxane (5 ml) and while stirring magnetically the desired alkyl halide (2 ml) was added. Depending upon the alkyl halide the reaction mixture was stirred at room temperature or at elevated temperatures for 3 h and paper chromatography in solvent A, B and C was carried out to monitor the formation of products.
The crude reaction mixture was concentrated to 2 ml at 37 °C and was separated by preparative paper chromatography on 3 MM Whatman sheets, using solvent A. The bands corresponding to the products were excised and eluted with dis tilled water (80 ml). The eluate was evaporated un der vacuum and the products were thoroughly dried before making spectral and chromatograph ic measurements.
The reaction with methyl iodide was carried out at room temperature and resulted into the forma tion of four new products.
N3-M e thy Icy tidine-5'-monophosphate (2)
The product corresponding to Rf 0.21 in solvent A (Table I) (12) The reaction with isopropyliodide was carried out at 70 °C, the product corresponding to Rj 0.23 in solvent A was a brownish powder (71.5 mg; 14.3%). ->H NMR (D20 ) exhibited < 
